F
ALLS ARE A PUBLIC HEALTH PROBlem worldwide.
1,2 Hospitalization increases fall risk 3 because of the unfamiliar environment, illnesses, and treatments. Patient falls and fall-related injuries are devastating to patients, clinicians, and the health care system. A single fall may result in a fear of falling 4 and begin a downward spiral of reduced mobility, leading to loss of function and greater risk of falls. Older adults are more likely to be injured from a fall. 5 Injurious falls increase hospital costs and lengths of stay. 5, 6 Fall risk assessment and health information technology (HIT) have been underused in fall prevention efforts. Fall risk assessment provides a baseline measure of risk status to guide interventions to counteract identified risks. 7 Currently, insufficient evidence exists to link specific fall prevention protocols with decreased fall rates in short-stay hospitals. [7] [8] [9] The Institute of Medicine reported on the significant number of errors that occur in hospitals and advocates for the use of HIT. 10 HIT improves communication and facilitates information access and decision support. 11 To date, no reports of HIT applications to reduce patient falls have been published.
We developed a fall prevention tool kit (FPTK) that used a valid fall risk assessment scale as the foundation for a HIT application that provides fall prevention decision support and communication at the bedside. We used a randomized study design to test the effectiveness of the FPTK on patient fall rates in 4 short-stay hospitals.
METHODS
A cluster randomized study was conducted at 4 hospitals in the Partners HealthCare System in the Boston, Massachusetts,area.Initialworkstandardized fall risk assessment to use of the Morse Falls Scale (MFS).
12, 13 The MFS has been prospectively validated in inpatient settings and meets established standards for clinical credibility, accuracy, and generality necessary for adoption. 14 
Preliminary Work
Our research team conducted 3 phases of study to develop and test components of the FPTK. In phase 1, we used qualitative inquiry to identify barriers and facilitators to fall risk communication and interventions. Participants reported that alerts related to patientspecific fall risk status and interventions to prevent falls were unavailable yet clearly needed at the bedside. 15 In phase 2, the study team developed the prototype FPTK by using the MFS risk factors 12, 13 as the foundation for the initial template. Decision rules and interventions were based on evidence from the literature and findings from phase 1 interviews. The MFS (scores range from 0-125) consists of 6 risk foci: (1) recent history of falling (25 points); (2) presence of secondary diagnosis (eg, Ͼ1 medical diagnosis listed in patient record) (15 points); (3) need for ambulatory aid (0-30 points); (4) receiving intravenous therapy (20 points); (5) gait characteristics (0-20 points); and (6) impaired mental status (15 points). An illustrator was added to the study team to develop icons to address the need for bedside alerts while simplifying and standardizing communication across stakeholders, including those with low literacy levels. 16 In phase 3, we used an iterative process involving domain experts, end users, and an illustrator to identify valid icons for the FPTK.The11iconsthatreceivedthehigh-est ratings for congruence with the text of the fall risk and prevention plan were retained to populate the FPTK (eFigure 1; available at http://www.jama.com). 17 The final FPTK included the MFS (FIGURE 1) that, when completed, automatically presented corresponding interventions tailored to patient-specific areas of risk. Once the recommended interventions were reviewed, tailored if needed, and approved, the FPTK printed a bed poster, a patient education handout, and a plan of care (eFigure 2).
Study Design
In phase 4, a cluster randomized design was conducted to test the FPTK. We identified unit census, length of stay, and historical data on fall rates. Medical units with fall rates higher than the mean for the institution the year before the study were matched to units with similar fall rates and patientdays. Units were eligible if they had a match and were not involved in other performance improvement efforts specific to fall prevention. A total of 2 medical units from each hospital met these criteria. Patient fall was defined as an "unplanned descent to the floor during the course of their hospital stay."
18
At each hospital, the 2 matched units were randomized to be the intervention or control unit (FIGURE 2). The study protocol and waiver of informed consent were approved by the institutional review boards at each hospital. All patients admitted or transferred to selected units from January 1, 2009, through June 30, 2009 , were included in the study.
FPTK Intervention
We developed the FPTK software. Figure 1 illustrates the 6-item MFS and specific fall prevention interventions based on a hypothetical patient's fall risk. To overcome the lack of effectiveness in recent randomized controlled trials of fall prevention, we used the Institute for Healthcare Improvement's Framework for Spread 19 to promote unit-level buy-in. 20, 21 The FPTK included an adherence dashboard to facilitate monitoring.
Control units continued to provide usual care related to fall prevention. An educational program on fall risk assessment and prevention was used in the control units. Fall prevention education for clinicians has been found to be effective in the short term but not over time. 22 The fall prevention protocols in control vs intervention units are compared in TABLE 1.
Outcomes
The primary outcome was patient falls per 1000 patient-days in targeted units during the study period. A secondary outcome was patient falls with injury. Reporting of patient falls and injurious falls is required at all hospitals and routinely recorded in an event reporting system in all units by the clinician caring for the patient at the time of a fall. Incidents are validated by unit managers and hospital quality personnel. Patient demographic characteristics were collected at admission to each hospital. Standard federal race and ethnicity data 23 are self-reported by all patients and entered into the health care system database.
Statistical Analysis
We used a stratified, cluster randomization design, with the randomized intervention at the unit (cluster) level within hospital (strata) and falls measured at the patient level. The trial consisted of 2 units (clusters) within each of 4 hospitals (strata). Main end points were the number of falls per 1000 patient-days in the 2 study groups and fall-related injuries as a secondary outcome. Because randomization was implemented within a hospital, the hospital was controlled for in the statistical analysis when comparing rates of falls and falls with injury across the 2 study conditions. Thus, to test for differences in the rate of falls across the intervention and control groups, our a priori Poisson regression model contained an intervention effect and fixed effects for hospitals. Generalized estimating equation methods were used to test for any residual effect of clustering within unit after controlling for hospital.
Patient characteristics across treatment groups were calculated using proportions, means with standard deviations, and medians with interquartile ranges. Because randomization was at the cluster level (and there were only 8 clusters), patient-level characteristics would not be as likely to balance out as randomization would at the patient level. Covariate balance was checked using a stratified Wilcoxon test 24 (with hospitals as strata) for continuous confounders (eg, age), and fixed-effects multinomial logistic regression (with site as fixed effect) for categorical confounders (eg, insurance status); both analyses were also adjusted for any possible clustering within unit. All reported P values are 2-sided and PϽ.05 is considered statistically significant. Because of the small number of a priori tests performed for the main outcome (comparison of fall rates between treatment groups), no adjustments were made for multiple testing. Statistical analyses were performed with the use of SAS software, version 9.2 (SAS Institute Inc, Cary, North Carolina).
Our target sample was 5100 patients in each group (1275 patients in each of the 8 units), estimated to provide 80% power (with ␣ = .05) to detect a decrease in the fall rate from 4.8 falls per 1000 patients-days in the usual care group to 3.5 falls per 1000 patientdays (based on preliminary data obtained from quality departments at each hospital) in the intervention group using generalized estimating equations Poisson regression with fixed effects for hospital and an intracluster (within-unit) correlation of 0.0000001.
RESULTS
The study involved 10 264 patients and 48 250 patient-days. No units withdrew from the study. Patient characteristics are summarized in TABLE 2. Patients in control and intervention units were similar, but patients in the control units were more likely to be younger and of white race and to have commercial insurance. Although none of these differences were significant, we adjusted for potential confounders ( Table 2 ) that had P=.05 to P=.10. We also adjusted for trend by month of the study. Patients in control and intervention units had similar fall risk scores at , with a rate difference of 1.03 (95% CI, 0.57-2.01) per 1000 patientdays (P=.04). We hypothesized (post hoc) that the intervention effect may be stronger in older patients. Testing an interaction between age and treatment group, we found that the intervention effect in older patients was significantly different than in younger patients (P = .02). In particular, we found that patients aged 65 or older benefited most from the FPTK (adjusted rate difference, 2.08 [95% CI, 0.61-3.56] per 1000 patient-days; P = .003). Although fewer falls occurred overall in intervention units, this difference was noted only for patients aged 65 years or older, in whom it was found to be significant. One older patient in an intervention unit and 2 in control units experienced a repeat fall (P= .50), and fall-related injuries were experienced by 7 in the intervention units vs 9 in the control units (P=.66), but neither of these differences were statistically significant.
Based on our results, the FPTK can prevent 1 fall per 862 patient-days (eg, the number needed to treat is 287 patients during a typical 3-day stay). There are two 862-patient-day periods each week in the 8 study units (control and intervention). Therefore, the FPTK could potentially prevent 1 fall every 4 days, 7.5 falls each month, and about 90 falls each year in the study units alone.
COMMENT
To our knowledge, this is the first fall prevention clinical trial that provides evidence for using a specific HIT intervention to reduce falls in short-stay hospitals. In intervention units, the mean adjusted fall rate per 1000 patientdays (3.15) declined to less than the Massachusetts state mean (3.99), 26 while mean fall rates in control units remained slightly higher (4.18). The variability of fall rates in medical units in hospitals reported in the literature makes it difficult to estimate how the patient fall rates in this study or the mean rates in Massachusetts compare with rates in medical units reported in the literature nationally (5.09-6.64) 5 or internationally (1.09-9.26). [27] [28] [29] Older age increases risk of falls, 30 and patient fall rates are generally higher in geriatric and general medical units than in surgical units. 29 The effectiveness of the FPTK in older patients provides evidence that a HIT program that tailors interventions to address patientspecific determinants of risk and is implemented within existing workflows is effective in acute care hospitals with older adults.
Because patient falls in hospitals are a major risk factor for fractures and other injuries, reducing falls is an im- portant first step toward injury prevention, and any reduction in patient falls has clinical significance. The FPTK was designed specifically to reduce falls. We believe that reducing falls will ultimately reduce injury, but the FPTK was not designed to affect fall-related injury directly. Additional work is needed to identify the barriers and facilitators of fall-related injury prevention and to identify a set of interventions to target determinants of risk of fall with injury.
In developing the FPTK intervention, we found that inadequate communication contributes to incomplete understanding of fall risk status 15 and the fall prevention plan, consistent with results previously reported. 31 Specifically, 20% of nurse-generated solutions to prevent patient falls in hospitals relate to inadequate caregiver communication and 13% relate to inadequate assessment and reassessment of fall risk status. While fall risk screening is a common practice in hospitals, the use of patient-specific screening results to tailor a prevention plan is less frequent. 9 The FPTK standardized communication of risk status and made the fall prevention plan available at the bedside.
A major component of the FPTK is the 3-item output to communicate both fall risk alerts and actions to take to prevent falls (eFigure 2): (1) the overbed poster; (2) the patient/family education handout (tailored plan and interventions at a consumer level of literacy); and (3) the plan of care (tailored plan and interventions at a health care professional level of literacy). These outputs are available to all key stakeholders, are located where they are needed, and are immediately visible through the use of icons and plaintext language so that alerts can be quickly recognized and acted on by team members. Of the 11 icons used to populate the FPTK, 3 communicate how the patient toilets. An additional 5 icons illustrate the type of assistance needed to get out of bed to toilet (eFigure 1). In one community hospital, 45.2% of falls were related to toileting. 32 Bedside alerts that communicate safe toileting strategies tailored to the needs of individual patients are particularly important for preventing falls in older adults, in whom toiletingrelated falls are most common and more likely to result in injury. 33 Using the Institute for Healthcare Improvement's Framework for Spread to implement the FPTK enhanced its adoption and adherence. 25 Other investigators have found that staff champions are essential to changing the practices needed to reduce patient falls. 34 The lack of effectiveness in recent trials of fall prevention programs highlights the significant role of local buyin. 20, 21, 27 We agree with Tinetti 35 that direct management by local caregivers is paramount to the success of fall prevention interventions. However, a mechanism is needed to ensure the fi- 21 Fall prevention programs must be consistent with existing workflows, and tools are needed, like the FPTK dashboard, to support ongoing evaluation of the protocol.
This study has limitations. It was conducted in 4 hospitals within a single health care system. However, the hospitals were diverse (2 academic medical centers and 2 community teaching hospitals). We believe that including hospitals with diverse clinical information and documentation systems enhanced the FPTK generalizability. No differences were found in patient characteristics across units. These complex medical patients are anticipated to be similar to medical patients in other US hospitals. An increased emphasis on fall prevention brought about by the knowledge that costs of fall-related injury would not be reimbursed 36 may have contributed to an overall downward trend in fall rates noted in this study. However, because this same safety emphasis and reimbursement issue was consistent across both study groups and the rate difference remained significantly larger in the experimental units when adjusted for trend by month of study in the analysis (1.03 [95% CI, 0.57-2.01] per 1000 patient-days; P = .04), it was not considered to be a limitation.
The intervention was not blinded, and falls were reported by unit-based caregivers who implemented fall prevention interventions. Although this potentially introduces bias, we believe that using existing reporting mechanisms that were the same in control and intervention units and were validated by the quality departments at each hospital limits this potential source of bias.
The FPTK was not effective with younger patients. The overall fall rate did not differ in this group, and patients younger than 65 years in intervention units had more falls with injury and more repeat falls than patients in control units (although the differences were not significant). These preliminary findings beg the question of whether the FPTK should be applied solely to elderly patients. However, hospitalization places all patients at risk of falls. 3 Fall risk assessment is completed in all patients. When identified, clinicians have an obligation to mitigate risk. Additional research is called for to evaluate whether a different set of interventions are needed to diminish fall and injury risk in younger patients or whether care team members may be less likely to carry out recommended interventions on younger patients. Protocol adherence data were collected at the unit level. While overall adherence was high, we do not know if adherence differed between younger and older patients. This possibility will need to be evaluated in future work. One of the benefits of information technology is that once the appropriate interventions are identified, logic can be programmed into the system to offer decision support tailored to patient characteristics.
The final limitation is that the sample size did not have sufficient power to examine whether the FPTK was effective in preventing repeat falls or falls with injury. Our goal was to test the capacity of the FPTK intervention to prevent falls. There is much concern related to the recent decision by the Centers for Medicare and Medicaid Services to include patient falls among the hospital-acquired conditions that will no longer qualify for higher-paying diagnosis-related group reimbursement. 36 This study provides some initial evidence regarding a strategy for reducing preventable falls in hospitals in older patients. However, the FPTK interventions are designed specifically to prevent falls. Additional work is needed to identify interventions that reduce fall-related injuries and trauma. Moreover, the FPTK did not prevent repeat falls, although the numbers were small. As with falls with injury, an additional set of interventions may be needed to protect patients who fall in the hospital despite the presence of a tailored communication and intervention plan.
In summary, the results of our study indicate that a HIT intervention targeting underlying areas of risk can prevent patient falls in older patients in acute care hospitals. Further study is needed to determine if a similar program evaluated over a longer period of time can significantly reduce repeat falls. Moreover, work is needed to develop a set of interventions that will prevent fall-related injuries. However, the FPTK was effective at reducing numbers of falls in intervention vs control units.
